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Abstract
Background: Anorexia nervosa (AN) is a severe mental illness, with an unknown etiology. Magnetic resonance imaging
studies show reduced brain volumes and cortical thickness in patients compared to healthy controls. However, findings are
inconsistent, especially concerning the anatomical location and extent of the differences. The purpose of this study was to
estimate and compare brain volumes and regional cortical thickness in young females with AN and healthy controls.
Methods: Magnetic resonance imaging data was acquired from young females with anorexia nervosa (n = 23) and
healthy controls (n = 28). Two different scanner sites were used. BMI varied from 13.5 to 20.7 within the patient
group, and 11 patients had a BMI > 17.5. FreeSurfer was used to estimate brain volumes and regional cortical
thickness.
Results: There were no differences between groups in total cerebral cortex volume, white matter volume, or
lateral ventricle volume. There were also no volume differences in subcortical grey matter structures. However the
results showed reduced cortical thickness bilaterally in the superior parietal gyrus, and in the right inferior parietal
and superior frontal gyri.
Conclusions: The functional significance of the findings is undetermined as the majority of the included patients
was already partially weight-restored. We discuss whether these regions could be related to predisposing factors
of the illness, or whether they are regions that are more vulnerable to starvation, malnutrition or associated
processes in AN.
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Background
Anorexia nervosa (AN) is a severe psychiatric illness
characterized by extreme underweight, an intense fear of
gaining weight, and a disturbance in the way one’s body
weight or shape is experienced [1]. An increasing num-
ber of neuroimaging studies have investigated brain
structure in patients with AN, but the majority of these
studies has included adult samples. As the onset of AN
usually is during adolescence [1], adults with AN will on
average have a longer duration of illness than younger
individuals. Due to starvation and malnutrition, it is likely
that having an eating disorder over a long time period will
affect the brain. To identify regions susceptible to short
term starvation and malnutrition effects, it is of particular
interest to investigate young people with AN.
Previous studies have typically reported reduced brain
volumes in individuals with AN compared to healthy
controls. Results from a recent meta-analysis showed
that patients with AN had a significant decrease in total
grey matter volume (GMV), white matter volume
(WMV) as well as significantly increased cerebrospinal
fluid (CSF) volumes [2]. In addition to reduced gross
brain volumes and increased CSF in individuals with
AN, regional grey matter volume differences between
patients and controls have also been demonstrated.
Findings are inconsistent, as the reported anatomical
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locations and extent of these differences are highly vari-
able. The aforementioned meta-analysis reported that
the hypothalamus, left inferior parietal gyrus, right lenti-
form nucleus and right caudate were decreased in AN
[2]. Another meta-analysis aimed to quantify GMV,
WMV and CSF alterations with regard to the time
course of the disease and weight recovery [3]. They
reported that global brain volume loss was more pro-
nounced in adolescent patients than in adults. The au-
thors also showed that following short-term weight
recovery (about 4 months), about half of the GMV and
CSF normalized, and the amount of WMV seemed to in-
crease more rapidly. Regional analyses showed that some
regions seemed to be more vulnerable to change, such
as the hippocampus, cingulate gyrus and the midbrain.
To our knowledge, only three studies have investigated
cortical thickness in patients with AN [4–6]. King et al.
[4] found a significant widespread thinning of the cortex
in adolescents and young adults with AN compared to
healthy controls. They also investigated a group of indi-
viduals that had recovered from AN, and cortical thick-
ness was not different between this group and the
control group, suggesting that structural brain anomalies
may be a consequence of malnutrition and is unlikely
reflect premorbid traits. This was further supported in a
later study [6], where the authors showed that cortical
thickness in the ill AN group normalized following par-
tial weight-restoration, illustrating the rapid reversal of
cortical thinning. Lavagnino et al. [5] found reduced
cortical thickness in women with AN, however their
findings did not reach significance when correcting for
multiple comparisons. They did however find a positive
relationship between cortical thickness and body mass
index (BMI) in these patients with less than two years of
illness duration.
Findings of structural brain differences between
patients with AN and healthy controls are inconsistent,
especially concerning the anatomical location and extent
of the differences. In addition, there is a paucity of stud-
ies of cortical thickness in AN. The purpose of this study
was therefore to estimate and compare brain volumes
and regional cortical thickness in young females with
AN and healthy controls. We expected to find reduced




Twenty-three females were recruited from an inpatient
unit at the Regional Department for Eating Disorders in
Oslo, Norway. This unit offers treatment at a tertiary
level for patients suffering from an eating disorder, and
all patients that participated in the current study
received treatment for AN. The age range of the patients
was 13–22 years (mean 17.4; SD, 2.2). AN diagnosis was
determined at admission by a clinical evaluation
performed by trained psychologists or psychiatrists, and
according to the ICD-10 criteria. Weight gain is an
important part of the treatment at the unit, and the
patients follow a strict meal plan to avoid acute effects
of malnutrition and dehydration, as well as to be more
responsive to psychotherapeutic treatment. As the pa-
tients were in inpatient treatment, they varied in nutri-
tional and weight status, and some were partially
weight-restored. BMI varied from 13.5 to 20.7 within the
patient group, and 11 patients had a BMI > 17.5.
Twenty-eight healthy female control subjects, recruited
from local schools, also participated in this study, with
an age range from 15–23 years (mean = 17.6; SD = 2.2).
For clinical measures, see Table 1.
Clinical measures
The Eating Disorders Examination Questionnaire (EDE-Q)
provides a comprehensive assessment of specific eating
disorder behavior [7]. It is a 28-item self-report question-
naire and measuring eating disorder psychopathology the
past 28 days. It produces an overall global score, and four
sub-scores. Only global scores are presented in the current
paper. The items are rated on a 7 –point scale, and higher
scores indicate increased eating disorder psychopathology.
State/Trait Anxiety Inventory (STAI) is a commonly
used measure of trait and state anxiety [8]. STAI is a
self-report measure, and has 20 items for assessing trait
anxiety and 20 items for assessing state anxiety. All
items are rated on a 4 - point scale, where higher scores
indicate increased anxiety.
Beck’s Depression Inventory (BDI) is a 21-item self-
report questionnaire and is used to measure severity of
depression [9]. The items are related to various symp-
toms of depression, such as hopelessness and irritability,
cognitions of guilt, or feelings of being punished. Higher
scores indicate increased depressive symptoms.
Image acquisition
Scans were acquired on two different scanners with dif-
ferent sequences. The first scanner was a 1.5 T General
Electric Healthcare Signa scanner, with an 8-channel
head coil and a coronal 3D FSPGR sequence with the
following parameters: repetition time (TR) = 21000 ms,
echo time (TE) = 6.00 ms, flip angle (FA) = 35°, field of
view (FOV) = 280 mm, and1.09 × 1.09 × 1.7 mm voxels.
Images from nineteen patients and twelve controls were
acquired at this scanner.
The second scanner was a 1.5 T Siemens Avanto, with
a 12-channel head coil and a sagittal 3D MPR sequence
with the following parameters: TR = 1940 ms, TE = 3.09 ms,
FA= 15°, FOV= 256 mm, and 1.0 × 1.0 × 1.0 mm voxels.
Images from four patients and sixteen controls were
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acquired at this scanner. Descriptive statistics for patients
and controls at scanner 1 and scanner 2 separately is pre-
sented in Additional file 1: Table S1.
MRI analysis
The raw MRI data were converted to the NIFTI format
using NordicICE software (NordicNeuroLab, Bergen,
Norway, http://www.nordicneurolab.com). Volumetric seg-
mentation and cortical surface reconstruction was per-
formed with the FreeSurfer image analysis suite (version
5.1.; Athinoula A. Martinos Center for Biomedical Imaging,
Boston, MA) (http://freesurfer.net/). The technical details
are described in prior publications [10, 11]. The processing
stream includes motion correction, removal of non-brain
tissue, automated Talairach transformation, intensity cor-
rection, volumetric segmentation, cortical surface recon-
struction, and parcellation.
All MRI volumes were quality checked, and manual
edits (removal of non-brain tissue included within the
cortical boundary) were performed by a trained operator.
Cortical surface maps were resampled, and mapped to
an average surface, smoothed using a Gaussian kernel
with a full-width at half-maximum of 15 mm, and sub-
mitted to statistical analyses. One patient and two con-
trol participants were excluded from the data analyses
due to data artefacts (i.e., excessive movement during
scanning). A total of twenty-eight controls and twenty-
three patients were included in the analyses.
Statistical analyses
Independent sample t-tests in Statistical Package for the
Social Sciences (SPSS) were used to compare demo-
graphic and clinical measures between the patient group
and the control group.
To investigate between-group differences in cerebral
cortex volume, cerebral white matter volume, lateral
ventricles volume as well as subcortical GMV, a series of
linear regression analyses were carried out. Group was
inserted as an independent variable in all models, and
scanner was included as a covariate.
Whole-brain surface-based cortical analyses were per-
formed on a vertex-wise (point-by-point) level using
general linear models (GLMs), as implemented in
FreeSurfer. Main effects of group were tested by con-
trasting the AN patients and controls while controlling
for scanner. The data were tested against an empirical
null distribution of maximum cluster size across 10,000
iterations using Z Monte Carlo simulation as imple-
mented in Freesurfer [12, 13] synthesized with a cluster-
forming threshold of p < .05 (two-sided), yielding clusters
fully corrected for multiple comparisons across the sur-
faces. Clusterwise corrected p (CPW) < .05 was regarded
as significant. Significant regions highlighted in the stat-
istical difference maps were neuroanatomically identified
based on the Desikan-Killiany cortical atlas [14]. Mean
vertex-wise cortical thickness values were extracted from
each clusters showing a significant difference between
the patients with AN and the controls. Follow-up ana-
lyses were performed to test whether the observed dif-
ferences in cortical thickness between patients and
controls were affected by scanner by performing linear
regression analyses in SPSS comparing controls from
scanner 1 (n = 12) and controls from scanner 2 (n = 16),
with age included in the analysis as covariate.
Finally, to test whether observed differences in cortical
thickness at the group level were related to body mass
index (BMI) percentiles within the group of patients
with AN, we performed partial correlations in SPSS
between mean cortical thickness in each cluster and
BMI, controlling for scanner and age.
Results
Sample characteristics
The patient group and the healthy control group did
not differ significantly with respect to age. As ex-
pected, BMI and BMI percentiles differed significantly
between the AN and the control group. Also, patients
had significantly higher scores on eating disorder
symptoms, depression and anxiety, than the control
group (see Table 1).
Table 1 Results from independent sample t-tests of clinical measures
Characteristic Patients (n = 23) Controls (n = 28)
Mean (SD) Mean (SD) P-value Cohen’s D
Age (years) 17.4 (2.2) 17.6 (2.2) .674 0.1
Body mass index (BMI) 17.4 (2.0) 21.8 (2.8) <0.001 1.8
BMI percentile 18.9 (13.1) 42.7 (18.2) <0.001 1.5
Eating disorder symptoms (EDE-Q, Global score) 3.8 (1.2) 1.2 (0.9) <0.001 2.5
Depression (BDI) 31.1 (10.2) 7.9 (7.6) <0.001 2.6
State anxiety (STAI) 55.3 (12.9) 32.1 (10.3) <0.001 2.0
Trait anxiety (STAI) 60.4 (7.9) 37.1 (11.3) <0.001 2.4
Results from independent sample t-tests testing for group differences in clinical measures between patients with anorexia nervosa and healthy controls
EDE-Q Eating Disorder Examination Questionnaire, BDI Beck’s Depression Inventory, STAI State-Trait Anxiety Inventory
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Gross brain volumes
Average total cerebral cortex volume, cerebral white
matter volume and lateral ventricles volume were esti-
mated for each group and presented in Table 2. Linear
regression analyses, controlling for scanner, revealed no
significant differences between the patient group and the
control group.
Gross brain volumes and BMI
Partial correlations were run to determine the rela-
tionship between gross brain volumes and BMI within
the patient group while controlling for scanner and
age. There were no significant correlations between
BMI percentiles and cortex volume (r = −.339, p = .143),
cerebral white matter (r = −.132, p = .580) and lateral
ventricles (r = −.423, p = .063).
Subcortical grey matter volumes
Average subcortical GMVs were estimated for each
group and presented in Table 3. Linear regression ana-
lysis, controlling for scanner, revealed no significant
group differences in the subcortical GMVs, which
included thalamus, caudate, putamen, pallidum, hippo-
campus and amygdala.
Subcortical grey matter volumes and BMI
Using partial correlations, there were no significant corre-
lations between subcortical grey matter volumes and BMI
percentiles (r = .021 – r = .173, p = .355 – p = .929) except
between left putamen and BMI percentiles (r = .460,
p = .041).
Cortical thickness
Group differences in cortical thickness between individ-
uals with AN and healthy controls were tested with
GLMs, while controlling for scanner (CWP < 0.05). The
results showed four significant clusters, with maximum
effects located in the left superior parietal gyrus, the
right superior parietal gyrus, the right inferior parietal
gyrus and the right superior frontal gyrus. The results
are presented in Table 4, see also Fig. 1. All clusters
showed negative effects, indicating group-level thinner
cortex in patients relative to the controls. No effects
were seen in the opposite direction. For further explor-
ing the effect of scanner, linear regression analyses were
performed, comparing cortical thickness for control par-
ticipants from scanner 1 and control participants from
scanner 2 within each of the four significant clusters.
Age was included as a covariate. Results showed no sig-
nificant differences; see Additional file 2: Table S2. To
further investigate the anatomical specificity to the
results, the main analysis testing for group differences in
cortical thickness between individuals with AN and
healthy controls (while controlling for scanner) was re-
peated with a more rigorous threshold (CWP < 0.01).
Two of the four clusters remained significant (see
Additional files 1, 2, 3 and 4, Fig. 1 and Table 3).
Cortical thickness and BMI
Partial correlations were run to determine the relation-
ship between cortical thickness and BMI within the pa-
tient group whilst controlling for scanner and age. There
were no significant correlations between BMI percentiles
and mean thickness in the left superior parietal gyrus
cluster (r = .018, p = .942), the right superior parietal
gyrus cluster (r = −.078, p = .751), the right inferior
parietal gyrus cluster (r = .171, p = .484), and the right
superior frontal gyrus cluster (r = −102, p = .679).
Discussion
This study aimed to investigate brain volumes and re-
gional thickness in young females with AN. Our findings
revealed regionally lower cortical thickness in patients
with AN compared to the healthy control group. There
were no significant differences in total cerebral cortex
volume, cerebral white matter volume, lateral ventri-
cles volume, or subcortical grey matter volumes
between the groups.
Our results are in contrast to previous studies report-
ing significantly reduced grey and white matter volumes
[15–17]. However, our findings support previous studies
that have reported no differences in measures of total
brain volume between patients with AN and controls,
although this should be investigated further, as the
Table 2 Results from linear regression analyses showing associations between group and cerebral cortex volume, cerebral white matter
volume and lateral ventricles volume
Patients (n = 23) Controls (n = 28) Unstandardized coefficients Standardized coefficient
Mean (SD) Mean (SD) B St error Beta Sig
Cerebral cortex volume 484307.1 (47284.0) 505289.5 (62943.2) 5115.9 16621.4 .045 .760
Cerebral white matter volume 467243.7 (51329.4) 458881.8 (53414.5) −19220.4 15858.6 −.185 .231
Lateral ventricles volume 12273.1 (6654.2) 11424.3 (5967.4) −1561.9 1938.0 −.126 .424
Results from linear regression analyses testing for group differences in cerebral cortex volume, cerebral white matter volume and lateral ventricles volume between
patients with anorexia nervosa and healthy controls. Scanner was included in the analyses as covariate. Volumes are in mm3. Total cerebral cortex volume, volume
inside the pial surface, minus tissue inside the ribbon that is not a part of the cortex; cerebral white matter volume, volume inside the white surfaces; lateral ventricles
volume, combined left and right lateral and inferior lateral ventricles
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sample sizes of this and several of the previous studies
on this patient population have been relatively small.
However, it is important to note that the null-findings in
the present and previous studies may be related to low
statistical power, and the fact that the majority of pa-
tients was already partially weight-restored. Some studies
have found, in adolescents with AN, alterations in GMV
and CSF, but not in WMV [18, 19]. Another study,
which included adult women with AN, found no signifi-
cant differences in total GMV, total WMV, or CSF [20].
Another study including adult women with AN, found
that total brain volume was similar in patients and
healthy controls [21].
Our investigation of subcortical GM volumes revealed
no significant differences between individuals with AN
and healthy controls. Findings are similar to previous
studies, who also failed to show significant reductions of
subcortical GM volumes [21–23]. However, previous
studies have also reported subcortical volume reductions
in adolescent patients compared to controls in the nu-
cleus accumbens, amygdala, cerebellum, hippocampus,
putamen and thalamus [4], while studies including adult
patients with AN, have shown decreased GM volume of
the amygdala and putamen [24], hypothalamus, caudate
nucleus [15], hippocampus, [25], and the hippocampus-
amygdala formation [26]. Discrepancies in findings re-
lated to global and subcortical brain volumes could be
due to the heterogeneity in sample characteristics such
as severity of emaciation or treatment duration.
We found regionally lower cortical thickness bilaterally
in the superior parietal gyrus, in the right inferior par-
ietal gyrus and in the right superior frontal gyrus in pa-
tients with AN compared to controls. Regional brain
alterations seems to vary considerably across studies,
however, reduced GMV in the inferior and superior par-
ietal lobes has previously been reported in an adolescent
sample with restrictive type AN [16]. Reduced volume in
the left inferior parietal lobe in AN was also reported in
the meta – analysis by Titova et al., however in the left
hemisphere [2]. Our results are modest compared to the
results from King and colleagues [4], who reported wide-
spread cortical thinning, with significantly thinner cortex
in 86% of the cortical surface in patients with AN (n = 40)
compared to healthy controls (n = 34). In that study, only
two regions showed no group differences: the bilateral
temporal pole and the entorhinal cortex. The discrepancy
between the results from the King et al. study and our
own might be due to statistical power, as the former had a
Table 3 Results from linear regression analyses showing associations between group and subcortical grey matter volumes
Patients (N = 23) Controls (N = 28) Unstandarized coefficient
Region label Mean (SD) Mean (SD) B St Error Stand.beta Sig
Left hemisphere Thalamus 7063.9 (785.7) 7568.8 (916.5) 85.5 221.9 .048 .702
Caudate 3702.3 (512.5) 3799.5 (494.2) −23.0 150.3 −023 .879
Putamen 5667.3 (539.6) 5716.7 (730.3) 40.5 202.6 .032 .842
Pallidum 1728.0 (216.3) 1802.6 (271.7) 45.1 76.5 .091 .559
Hippocampus 4216.2 (506.6) 4188.9 (276.1) −58.1 122.8 −.074 .638
Amygdala 1492.1 (207.8) 1458.0 (185.2) −59.9 60.3 −.147 .350
Right hemisphere Thalamus 7152.5 (705.3) 7710.3 (858.3) 183.5 207.6 .111 .381
Caudate 3696.8 (512.4) 3795.0 (491.0) −54.0 146.0 −.054 .731
Putamen 5417.9 (543.8) 5414.3 (671.6) −83.0 189.9 −.068 .664
Pallidum 1525.7 (215.4) 1661.7 (260.2) 68.8 71.1 .139 .338
Hippocampus 4259.5 (283.6) 4229.8 (336.7) −105.6 93.8 −.170 .266
Amygdala 1558.4 (232.7) 1554.1 (217.4) −17.0 69.6 −.038 .809
Results from linear regression analyses testing for group differences of subcortical grey matter volumes between patients with anorexia nervosa and healthy controls.
Scanner was included in the analyses as covariate. Volumes are in mm3
Table 4 Results from GLM whole surface vertex-wise between-group analysis of cortical thickness
Annotation max vertex MNI coordinates max vertex (x, y, z) Size (mm2) CWP
Left hemisphere Superior parietal gyrus −25.1 58.6 58.1 1766.95 0.016
Right hemisphere Superior parietal gyrus 18.8 −71.1 44.1 2402.59 0.002
Inferior parietal gyrus 41.1 −71.6 35.5 2218.18 0.004
Superior frontal gyrus 23.1 0.5 62.2 1674.74 0.026
Results from GLMs testing for group differences in cortical thickness between patients with anorexia nervosa and controls, controlling for scanner, and with
simulation-based clusterwise correction for multiple comparisons. All clusters showed negative associations, indicating reduced cortical thickness in the patient
group compared to the control group. Clusterwise CWP < .05
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larger sample size. Indeed, in a more recent study [5], dif-
ferences in cortical thickness between patients (n = 21)
and controls (n = 18) did not survive correction for mul-
tiple comparisons, and the authors suggested that findings
might have survived with a larger sample. Alternatively, it
is possible that our results did not show more extensive
cortical thinning due to the heterogeneity of BMI and
treatment duration. It was recently shown that the reduc-
tions in cortical thickness of AN patients normalize rap-
idly following partial weight-restoration [6]. As there was
some variability in the treatment duration and BMI of the
patients included in our study, some degree of cortical
normalization may already have occurred.
Our results showed no correlation between BMI and
cortical thickness in the clusters found to have lower
cortical thickness in patients than controls. These
findings are consistent with those of King et al. [4] and
Bär et al. [27], however in contrast to findings from
Seitz et al. [3] and Lavagnino et al. [5]. Inconsisten-
cies in these findings could be related to methodological
variabilities, such as sample characteristics including age,
duration of illness and nutritional status.
Whether the brain completely normalizes with recov-
ery, is still under debate. Longitudinal studies and stud-
ies including individuals that have recovered from AN
have been performed to investigate whether the brain
normalize with recovery and weight restoration. Results
from a recent meta-analysis [3] show that in acute AN,
GMV was reduced by 5.6% and WMV by 3.8% com-
pared to healthy controls. Short-term weight recovery
(2.5 months after admission) led to restitution of about
half of the GM loss, and almost full WM recovery. After
2–8 years of remission, GMV and WMV were approxi-
mately normalized. In the study by Bernardoni et al. [6]
patients had normal cortical thickness after recovery,
which supports the notion that differences in cortical
thickness are related to weight. On a case level, it has
been demonstrated that increased weight is associated
with increased GMV, and likewise, reduced weight is
associated with reduced GMV [28]. On the other hand,
some studies have found persistent brain alterations in
AN [18, 19].
There are some limitations in this study. First, since
patients were scanned at different times during the in-
patient treatment period, there was considerable hetero-
geneity in our sample of adolescent AN patients in
terms of BMI. As weight gain is a major focus at the ini-
tiation of treatment of severely underweight patients,
there is a possibility that this might have led to partial
restoration of brain tissue. It would have been useful to
include prior weight loss of the patients as well as degree
of weight recovery in the analyses, however this informa-
tion was not available in the current study. Second, two
different scanners with different sequences were used,
and it is generally recommended to, if possible, avoid
mixing scans from different scanners and protocols.
Critically, patient and control participants were not dis-
tributed proportionally across these two scanners, and
this represents a caveat for the interpretation of the
results. However, scanner was included as a covariate
in all analyses, and follow-up analyses were performed
to test the effects of these data acquisition differences.
Supplementary data provides demographic and clinical
measures for patients and controls for each scanner
site, see Additional file 1: Table S1. Furthermore,
Additional file 2: Table S2 presents the results of a
linear regression analysis testing for group differences
in cortical thickness between controls from scanner 1
and scanner 2. There were no significant differences
between the groups. A third limitation is the variability of
age within the groups. Unfortunately, due to insufficient
statistical power, it was not possible to investigate the
effect of age and the interaction effect of age and group.
However, there were no significant differences in mean
age between the groups. Finally, information regarding
pharmacological treatment was not available and therefore
not investigated in our analyses.
Conclusions
To conclude, our study showed that young patients with
AN have regional cortical thickness reductions in par-
ietal and frontal areas. We did not find any reductions
of global GM volume or subcortical GM volumes, how-
ever, this could be explained by the fact that some of the
patients were partially weight restored. Future studies
Fig. 1 Results from GLM whole surface vertex-wise between-group
analysis of cortical thickness, showing reduced cortical thickness in the
patient group compared to the control group. Clusterwise CWP < .05
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should aim to understand the large variability in brain
structure alterations in AN across studies. It is possible
that degree of weight restoration might explain a large
part of the variance, and should be further explored. It
would also be of interest to investigate whether the
apparent reduced brain volumes and cortical thickness is
linked to the symptoms and behavior seen in AN, or
whether these brain alterations are merely global conse-
quences of underweight and malnutrition. In addition,
the mechanisms underlying the reduction of brain tissue
volumes and cortical thickness in AN is not known.
Bernardoni et al. [6] ruled out colloidal osmotic pressure
of blood and dehydration as possible mechanisms
underlying cortical thinning, however more studies in-
vestigating this field is warranted.
Additional files
Additional file 1: Table S1. Descriptive statistics for patients and controls
from scanner 1 and scanner 2. Descriptive statistics (age, BMI, EDE-Q, BDI, STAI
state and STAI trait) for patients and controls from scanner 1 and scanner 2.
(DOCX 14 kb)
Additional file 2: Table S2. Associations between scanner and cortical
thickness in controls. Results from linear regression analyses testing for
group differences in cortical thickness between controls from scanner 1
and controls from scanner 2. Age was included in the analyses as
covariate. Average thickness in each cluster is in mm. (DOCX 14 kb)
Additional file 3: Figure S1. Results from GLM whole surface vertex-wise
between-group analysis of cortical thickness, showing reduced cortical thickness
in the patient group compared to the control group. Clusterwise CWP< .01.
(TIF 3413 kb)
Additional file 4: Table S3. Results from GLM whole surface vertex-wise
between-group analyses of cortical thickness. Results from GLMs testing for
group differences in cortical thickness between patients with anorexia
nervosa and controls, controlling for scanner, and with simulation-based
clusterwise correction for multiple comparisons at p < .01. All clusters
showed negative associations, indicating reduced cortical thickness in the
patient group compared to the control group. (DOCX 14 kb)
Abbreviations
AN: Anorexia nervosa; BDI: Beck’s Depression Inventory; BMI: Body mass
index; CPW: Clusterwise corrected p; CSF: Cerebrospinal fluid; EDE-Q: Eating
disorder examination questionnaire; FA: Flip angle; FOV: Field of view;
GLMs: General linear models; GMV: Grey matter volume, MRI, magnetic resonance
imaging; SPSS: Statistical package for social sciences; STAI: State/trait anxiety
inventory; TE: Echo time; TR: Repetition time; WMV: White matter volume
Acknowledgements
We would like to thank Vilde Vagstein for manual editing of MRI data.
Funding
This study was funded by Health South-East RHF, Norway. Grant number:
2011126.
Availability of data and materials
Due to issues regarding confidentiality and ethics, data cannot be shared.
Authors’ contributions
TSF contributed to the conception and design, acquisition of, analysis and
interpretation of data, as well as drafting the manuscript. EH, LB and CKT
contributed to the analysis and interpretation of data, as well as revising the
manuscript. TE, NIL and ØR contributed to the conception and design of the
study, and revising the manuscript. All authors read and approved the final
manuscript.
Authors’ information
TSF is a PhD candidate at the Regional Department for Eating Disorders, Oslo
University Hospital. EH is a PhD candidate at the Department of Psychology,
University of Oslo. LB is a PhD candidate at the Regional Department for Eating
Disorders, Oslo University Hospital. CKT is a researcher/PhD at the Department
of Psychology, University of Oslo. TE is an Associate Professor/PhD at the
Department of Psychology, University of Oslo. NIL is a Professor/PhD at the
Department of Psychology, University of Oslo. ØR is a Professor/Md/PhD at the
Regional Department for Eating Disorders, Oslo University Hospital.
Competing interests
The authors declare that there are no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
All participants gave informed consent prior to the experiment, which was
approved by the Regional Committee for Medical and Health Research
Ethics in Norway(Registration number 1.2006.2793, Date of registration 28
August 2006). Parental consent to participate was sought for the participants
under the age of 16.
Author details
1Regional Department for Eating Disorders, Division of Mental Health and
Addiction, Oslo University Hospital, Ullevål, Oslo, Norway. 2Department of
Psychology, University of Oslo, Oslo, Norway. 3Institute of Clinical Medicine,
Division of Mental Health and Addiction, University of Oslo, Oslo, Norway.
Received: 6 April 2016 Accepted: 11 November 2016
References
1. American Psychiatric Association. Diagnostic and Statistical manual of mental
disorders. 5th ed. Washington, DC: American Psychiatric Association; 2013.
2. Titova OE, Hjorth OC, Schioth HB, Brooks SJ. Anorexia nervosa is linked to
reduced brain structure in reward and somatosensory regions: a meta-
analysis of VBM studies. BMC Psychiatry. 2013;13:110.
3. Seitz J, Buhren K, von Polier GG, Heussen N, Herpertz-Dahlmann B, Konrad
K. Morphological changes in the brain of acutely ill and weight-recovered
patients with anorexia nervosa. A meta-analysis and qualitative review. Z
Kinder Jugendpsychiatr Psychother. 2014;42:7–17.
4. King JA, Geisler D, Ritschel F, Schober I, Seidel M, Roschinski B et al. Global
Cortical Thinning in Acute Anorexia Nervosa Normalizes Following Long-
Term Weight Restoration. Biol Psychiatry. 2015. In press.
5. Lavagnino L, Amianto F, Mwangi B, D'Agata F, Spalatro A, Zunta Soares GB
et al. The relationship between cortical thickness and body mass index
differs between women with anorexia nervosa and healthy controls.
Psychiatry Res. 2016;248:105–9.
6. Bernardoni F, King JA, Geisler D, Stein E, Jaite C, Natsch D, et al. Weight
restoration therapy rapidly reverses cortical thinning in anorexia nervosa: a
longitudinal study. Neuroimage. 2016;130:214–22.
7. Fairburn CG, Beglin SJ. Assessment of eating disorders: interview or self-
report questionnaire? Int J Eat Disord. 1994;16:363–70.
8. Spielberger CD, Gorsuch RL, Lushene R, Vagg PR, Jacobs DA. Manual for the
state-trait anxiety inventory. Palo Alto: Consulting Psychologists Press; 1983.
9. Beck AT, Ward CH, Mendelson M, Mock J, Erbaugh J. An inventory for
measuring depression. Arch Gen Psychiatry. 1961;4:561–71.
10. Fischl B, Salat DH, Busa E, Albert M, Dieterich M, Haselgrove C, et al. Whole
brain segmentation: automated labeling of neuroanatomical structures in
the human brain. Neuron. 2002;33:341–55.
11. Fischl B. FreeSurfer. Neuroimage. 2012;62:774–81.
12. Hagler Jr DJ, Saygin AP, Sereno MI. Smoothing and cluster thresholding for
cortical surface-based group analysis of fMRI data. Neuroimage. 2006;33:
1093–103.
13. Hayasaka S, Nichols TE. Validating cluster size inference: random field and
permutation methods. Neuroimage. 2003;20:2343–56.
14. Desikan RS, Segonne F, Fischl B, Quinn BT, Dickerson BC, Blacker D, et al. An
automated labeling system for subdividing the human cerebral cortex on
MRI scans into gyral based regions of interest. Neuroimage. 2006;31:968–80.
Fuglset et al. BMC Psychiatry  (2016) 16:404 Page 7 of 8
15. Boghi A, Sterpone S, Sales S, D'Agata F, Bradac GB, Zullo G, et al. In vivo
evidence of global and focal brain alterations in anorexia nervosa.
Psychiatry Res. 2011;192:154–9.
16. Gaudio S, Nocchi F, Franchin T, Genovese E, Cannata V, Longo D et al. Gray
matter decrease distribution in the early stages of Anorexia Nervosa
restrictive type in adolescents. Psychiatry Res. 2010;191:24–30.
17. Mainz V, Schulte-Ruther M, Fink GR, Herpertz-Dahlmann B, Konrad K.
Structural brain abnormalities in adolescent anorexia nervosa before and
after weight recovery and associated hormonal changes. Psychosom Med.
2012;74:574–82.
18. Castro-Fornieles J, Bargallo N, Lazaro L, Andres S, Falcon C, Plana MT, et al. A
cross-sectional and follow-up voxel-based morphometric MRI study in
adolescent anorexia nervosa. J Psychiatr Res. 2009;43:331–40.
19. Katzman DK, Zipursky RB, Lambe EK, Mikulis DJ. A longitudinal magnetic
resonance imaging study of brain changes in adolescents with anorexia
nervosa. Arch Pediatr Adolesc Med. 1997;151:793–7.
20. Brooks SJ, Barker GJ, O'Daly OG, Brammer M, Williams SC, Benedict C, et al.
Restraint of appetite and reduced regional brain volumes in anorexia
nervosa: a voxel-based morphometric study. BMC Psychiatry. 2011;11:179.
21. Frank GK, Shott ME, Hagman JO, Mittal VA. Alterations in brain structures
related to taste reward circuitry in ill and recovered anorexia nervosa and in
bulimia nervosa. Am J Psychiatry. 2013;170:1152–60.
22. Fonville L, Giampietro V, Williams SC, Simmons A, Tchanturia K. Alterations
in brain structure in adults with anorexia nervosa and the impact of illness
duration. Psychol Med. 2014;44:1965–75.
23. Fujisawa TX, Yatsuga C, Mabe H, Yamada E, Masuda M, Tomoda A. Anorexia
nervosa during adolescence is associated with decreased gray matter
volume in the inferior frontal gyrus. PLoS One. 2015;10:e0128548.
24. Friederich HC, Walther S, Bendszus M, Biller A, Thomann P, Zeigermann S, et al.
Grey matter abnormalities within cortico-limbic-striatal circuits in acute and
weight-restored anorexia nervosa patients. Neuroimage. 2012;59:1106–13.
25. Connan F, Murphy F, Connor SE, Rich P, Murphy T, Bara-Carill N, et al.
Hippocampal volume and cognitive function in anorexia nervosa. Psychiatry
Res. 2006;146:117–25.
26. Giordano GD, Renzetti P, Parodi RC, Foppiani L, Zandrino F, Giordano G, et
al. Volume measurement with magnetic resonance imaging of
hippocampus-amygdala formation in patients with anorexia nervosa. J
Endocrinol Invest. 2001;24:510–4.
27. Bar KJ, de la Cruz F, Berger S, Schultz CC, Wagner G. Structural and
functional differences in the cingulate cortex relate to disease severity in
anorexia nervosa. J Psychiatry Neurosci. 2015;40:269–79.
28. Fuglset TS, Endestad T, Landro NI, Ro O. Brain structure alterations
associated with weight changes in young females with anorexia nervosa: a
case series. Neurocase. 2014;21:169–77.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Fuglset et al. BMC Psychiatry  (2016) 16:404 Page 8 of 8
